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A novel method for the preparation of hitherto unknown symmetrical bis(2-halo-3-pyridyl) dichalcogenides (E = S, Se and Te)
by the oxidation of intermediate 2-halo-3-pyridyl chalcogenolate, prepared by lithiation of 2-halo pyridines using lithium diiso-
propylamine is being reported. All the newly synthesized compounds have been characterized through elemental analysis employ-
ing various spectroscopic techniques, namely, NMR (1H, 13C, 77Se), infrared, mass spectrometry, and X-ray crystal structures in
representative cases.
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1. INTRODUCTION
Organoselenium and organotellurium compounds are ﬁnd-
ingrenewedinterestassyntheticreagentsinorganicsynthesis
[1, 2]. In addition to their synthetic applications, these com-
pounds are fast gaining contemporary interest due to their
indispensable applications in electronic industry [3], as or-
ganicconductors[4]andprecursorsforsemiconductingma-
terials [5], in biology [6] and in medical imaging.
It is curious to note that the chemistry of alkyl, aryl,
and mixed alkyl aryl chalcogenides has developed rapidly
for the last two decades and is of immense interest to or-
ganic chemists [7] and biochemists [8], whereas the chem-
istry of pyridyl derivatives virtually remained neglected, in
spite of its greater utility [9]. Recently, the chemistry of
pyridyl derivatives has attracted the attention of the scien-
tiﬁc community due to their unique properties, which en-
dear them to the new and exciting applications in organic
synthesis. In recognition of its importance, renewed eﬀorts
have evolved for the convenient methodologies of their syn-
thesis.
The presence of nitrogen in the aromatic ring brings re-
markable changes and has attracted considerable attention
of the practicing chemists as precursors in pharmacologi-
cal compounds [10], for the preparation of liquid crystals
[11], in the synthesis of polymers, and as ligands in transi-
tion metal complexes.
2. EXPERIMENTAL
All the manipulations were carried under a dry and de-
oxygenated nitrogen atmosphere to prevent the oxidation
of oxygen-sensitive intermediates. Elemental sulphur, se-
lenium, and tellurium (Sigma-Aldrich, Bangalore, India)
were stored in a desiccator prior to use. Tetrahydrofuran
(THF) was dried using sodium and benzophenone prior
to use. Diisopropylamine (DIA) was distilled using CaH2
and was stored on molecular sieves. 2-halopyridines (Halo-
= F,Cl, and Br), n-butyl lithium of analytical grade were
purchased from Aldrich and used without further puriﬁ-
cation. 1H, 13C, and 77Se NMR spectra were recorded on
a Jeol AL spectrometer operating at 300, 75.432, 57.203,
and 94.790MHz, respectively in CDCl3, using Me4Si as
an internal standard for 1Ha n d13CN M R .M e 2Se and
Me2Te were used as an external reference for 77Se and
125Te NMR. IR spectra were obtained between KBr plates2 Bioinorganic Chemistry and Applications
N Br
+H 2Se
N SeH
H2O2
N Se
2
Scheme 1
E+N a B H 4
C2H5OH/
C2H5OC2H4OH
NaHE + B(OC2H4OC2H5)3/B(OC2H5)3
R
N Br
+N a H E
C2H5OH/
C2H5OC2H4OH
R
N EH
O2 R
N E
2
E = Se,Te;R = Br,CH3
Scheme 2
on a Perkin-Elmer model 1430. C, H, and N analyses
were performed on a Perkin-Elmer 2400 CHN analyzer.
Mass spectra were obtained on a VG-70S11-250J mass
spectrometer. Separation and puriﬁcations of compounds
were carried out using column chromatography performed
on activated silica gel using hexane/ethyl acetate as elu-
ant.
3. SYNTHESIS OF 2-HALO-3-PYRIDYL CHALCOGEN
COMPOUNDS (X = F, CL, AND BR)
A 100mL three-necked round bottom ﬂask was charged
with 20mL dry THF and 3mL (22mmol) DIA under nitro-
gen and was cooled to −20◦C. To this solution was added
dropwise 17.6mL (22mmol, 1.25M) n-butyl lithium with
continuous stirring and the mixture was allowed to stand
for 1 hour at 0◦C. To this solution of lithium diisopropy-
lamine (LDA) was added slowly a solution of 2-halopyridine
(20mmol)inTHF(10mL)at −50◦, −40◦,and−78◦Cincase
of ﬂuoro-, chloro-, and bromopyridine, respectively. Stirring
was continued for additional one hour after which dry and
activated elemental chalcogen (S,Se, and Te) (20mmol) was
added in small portions with continuous stirring. The tem-
perature was raised slowly up to room temperature. It was
found that sulphur and selenium takes 20–30 minutes to dis-
solve completely, while tellurium takes nearly one hour to
dissolve, owing to surface oxidation of the metal. The prod-
uct was hydrolyzed using 5mL solution of aqueous ammo-
nium chloride and nitrogen supply was discontinued. The
reaction was then subjected to aerial oxidation for 10–12
hours in case of selenols and tellurols. Thiols, obtained from
the hydrolysis of thiolate, gave a poor yield of disulﬁdes
uponaerialoxidation.Therefore,oxidationofthiolswasper-
formedusingdimethylsulfoxide(DMSO)at80–90◦C,which
is a mild and successful oxidizing agent for the oxidation of
thiols to disulﬁdes. THF was removed on rota-evaporator;
the resulting mixture was diluted with water and was ex-
tracted in dichloromethane (3 × 40mL). Inorganic impuri-
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R
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R = H,CH3
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ties were removed by repeatedly washing the organic layer
with brine (3 × 30mL) followed by distilled water. The or-
ganic extract was then dried over anhydrous sodium sulfate
and concentrated on rota-evaporator. The product was pu-
riﬁed on a silica column using 10% ethyl acetate-hexane as
eluant.
4. RESULTS AND DISCUSSION
Mautner et al. [12] were the ﬁrst to prepare bis(2-pyridyl)
diselenide by reacting 2-bromo pyridine with toxic hydrogen
selenide (see Scheme 1).
Toshimitsu et al. [13, 14] modiﬁed this synthesis circum-
venting the use of toxic hydrogen selenide by using sodium
hydrogen selenide obtained by the reacting elemental sele-
nium with sodium borohydride in 2-ethoxyethanol. Bhasin
et al. [15] have optimized the use of this reagent for the syn-
thesis of various substituted methyl- and bromopyridyl sele-
nium and tellurium compounds (see Scheme 2).
Syper and Mlochowski [16] developed a new methodol-
ogy for the synthesis of bis(2-pyridyl) diselenide by reacting
dilithium diselenide with 2-bromopyridine. Various methyl
substituted 2-pyridyl diselenides/ditellurides were synthe-
sized by Bhasin and Singh [17] using a mild and easily avail-
able reducing agent, hydrazine hydrate (see Scheme 3).K. K. Bhasin et al. 3
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Scheme 4: Protocol for regioselective synthesis of bis(2-halo-3-pyridyl) dichalcogenides.
Engman and Cava [18] prepared bis(2-pyridyl) ditel-
luride through lithium bromine exchange of 2-bromo-
pyridine using sterically hindered and highly reactive t-butyl
lithium at −78◦C in THF. The preparation of methyl sub-
stituted bis(2-pyridyl) diselenides and ditellurides were ex-
tended by Bhasin et al. [19] using metal-halogen exchange of
methyl-substituted bromopyridines using n-butyl lithium.
Heteroatom-directed aromatic lithiation is a versatile
route towards the synthesis of π-deﬁcient heterocycles [20].
ThepresenceofC−Xbondin2-halopyridines,apartfromal-
lowingeasyandselectivemetalationatortho-position,makes
it potentially reactive towards nucleophiles, allowing the in-
troduction of other functional groups. Metalation at ortho-
position is facilitated owing to the ortho-directing ability of
halogen substituent, particularly ﬂuorine and chlorine. Such
an intermediate is potentially reactive towards electrophilic
selenium and tellurium metals. Therefore, design of new
methods allowing metalation of 2-halopyridine for chalco-
gen incorporation with the retention of C−Xb o n dc o u l db e
of great synthetic value.
Among the various organolithium reagents, LDA has
been known to bring about selective deprotonation as it is
a nonnucleophilic base and does not lead to metal-halogen
exchange reactions in halogenopyridines, which occur with
n-butyl lithium.
In an eﬀort to achieve the synthesis of target compounds,
the deprotonation of 2-halopyridines (X= F,Cl,Br) was car-
ried out under cryogenic conditions in THF using LDA as
base. Reports from literature indicate that LDA can be used
eﬃciently to induce exclusive lithiation at C-3 position [21]
as a consequence of DoM eﬀect (directed ortho-metalation).
It was observed that the use of LDA prevented nucleophilic
addition of base on C=N bond as well as metal-halogen ex-
change reactions. The intermediate, 3-lithio-2-haolpyridine,
generated in situ was reacted with elemental chalcogen (S,Se,
and Te) at low temperature. The insertion of chalcogen atom
into C−Li bond took place readily resulting in the formation
of 2-halo-3-pyridylchalcogenolate (Scheme 4). It was found
that sulfur and selenium undergo smooth insertion into the
C−Li bond while tellurium takes time to undergo insertion.
This is possibly due to the metallic character and passive
nature of this element. The resulting solution of 2-halo-3-
pyridylchalcogenolate was subsequently subjected to hydrol-
ysis. The oxidative coupling of resulting thiols, selenols, and
N X
SH DMSO, 80–90 ◦C
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Scheme 5: Oxidation of pyridine thiols to disulﬁdes.
tellurols aﬀords the desired bis(2-halo-3-pyridyl) dichalco-
genide in good yield.
Simple aerial oxidation was suﬃcient to obtain dise-
lenides and ditellurides, but thiols had to be oxidized us-
ing DMSO to get a quantitative yield of the desired disulﬁde
(Scheme 5).
In order to ascertain the applicability of this protocol for
the synthesis of various 2-halo-3-pyridyl chalcogenides, a se-
riesofreactionswassetup.Theresultsobtainedrevealedthat
the methodology was best applicable to chloro- and ﬂuoro-
derivatives. The yield was lowered to less than half in case
of bromoderivatives. Insertion of tellurium in 2-bromo-3-
lithiopyridine gave a poor result to the extent that even the
recovery of a substantial amount of compound, suﬃcient for
characterization, was not possible.
5. SPECTROSCOPIC STUDIES
The compounds prepared (Table 1) were characterized with
the help of various spectroscopic techniques, namely, 1H
(Table 2), 13C( Table 3), 77Se/125Te NMR (Table 4), IR, UV-
Vis spectroscopy, mass spectrometry, and X-ray crystallo-
graphic techniques.
6. 1H NMR STUDIES
1H NMR spectra of hitherto unknown bis(2-halo-3-pyridyl)
dichalcogenides were obtained in CDCl3 using TMS as inter-
nal reference. The NMR characterization of dichalcogenides
along with the data has been given in Table 2.I twaso bse rv ed
that the 1H NMR spectra for the dichalcogenides display
three diﬀerent sets of protons in aromatic region. In case of
bis(2-chlolo-3-pyridyl) diselenide, H-6 proton appears most
downﬁeld and lies in 8.22–8.24ppm while the signals corre-
sponding to H-4 and H-5 appear at lower frequencies and4 Bioinorganic Chemistry and Applications
Table 1: Physical properties and analytical data of various 2-halo-3-pyridyl chalcogen compounds.
Compound Physical state Melting point (◦C) Yield
(%) CH N
Bis(2-chloro-3-pyridyl)
disulﬁde Colorless crystalline solid 160∗ 52 41.11
(41.52)
1.95
(2.07)
9.25
(9.68)
Bis(2-chloro-3-pyridyl)
diselenide
Yellow diamond-shaped
crystals 206-207 54 30.89
(31.16)
1.22
(1.55)
7.02
(7.27)
Bis(2-chloro-3-pyridyl)
ditelluride
Orange-diamond shaped
crystals 178–180 50 24.63
(24.74)
1.17
(1.23)
5.38
(5.77)
Bis(2-ﬂuoro-3-pyridyl)
diselenide
Pale yellow
diamond-shaped crystals 62-63 65 33.82
(34.09)
1.54
(1.70)
7.49
(7.95)
Bis(2-ﬂuoro-3-pyridyl)
ditelluride Red crystalline solid 55–59 58 26.13
(26.78)
1.09
(1.32)
6.01
(6.25)
Bis(2-bromo-3-pyridyl)
diselenide Orange crystalline powder 152–155 35 25.15
(25.31)
1.12
(1.26)
5.75
(5.90)
∗Decomposes at 160◦C.
Table 2: 1H NMR data of various 2-halo-3-pyridyl chalcogen compounds.
Entry Compound
1HN M R( δ, ppm)
H-4 H-5 H-6
1 Bis(2-chloro-3-pyridyl)
disulﬁde
7.83–7.86
(dd, 2H, 7.8, 1.8Hz)
7.21–7.26
(dd, 2H, 7.8, 4.5Hz)
8.24–8.26
(dd, 2H, 4.5, 1.8Hz)
2 Bis(2-chloro-3-pyridyl)
diselenide
7.88–7.91
(dd, 2H, 7.8, 1.8Hz)
7.15–7.19
(dd, 2H, 4.8, 7.8Hz)
8.22–8.24
(dd, 2H, 4.8, 1.8Hz)
3 Bis(2-chloro-3-pyridyl)
ditelluride
7.90–7.93
(dd, 2H, 4.5, 7.8Hz)
6.95–6.99
(dd, 2H, 4.8, 7.5Hz)
8.20–8.22
(dd, 2H, 7.8, 1.8Hz)
4 Bis(2-ﬂuoro-3-pyridyl)
diselenide
7.03–7.08
(m, 2H)
7.91–8.03 (H-5, H-6)
(m, 2H) —
5 Bis(2-ﬂuoro-3-pyridyl)
ditelluride
7.00–7.06
(m, 2H)
8.03–8.15 (H-5, H-6)
(m, 4H) —
6 Bis(2-bromo-3-pyridyl)
diselenide
7.79–7.82
(dd, 2H, 7.8, 1.8Hz)
7.18–7.22
(m, 2H)
8.16–8.18
(dd, 2H, 4.8, 1.8Hz)
Table 3: 13C NMR data of various 2-halo-3-pyridyl chalcogen compounds.
Entry Compound 13C NMR (chemical shift)
C-2 C-3 C-4 C-5 C-6
1 Bis(2-chloro-3-pyridyl) disulﬁde 147.59 131.76 123.42 135.26 147.47
2 Bis(2-chloro-3-pyridyl) diselenide 148.93 126.48 124.01 139.00 148.11
3 Bis(2-chloro-3-pyridyl) ditelluride 152.74 106.44 124.54 146.10 149.18
4 Bis(2-ﬂuoro-3-pyridyl) diselenide
162.15 123.25 — — —
159.05 122.80 143.66 147.12 147.30
(d, J =− 234.05Hz) (d, J = 33.9 7 H z ) ———
5 Bis(2-ﬂuoro-3-pyridyl) ditelluride 164.4, 161.3 88.1, 87.5 123.2 148.0 150.6
(d, J =− 234.05Hz) (d, J = 45.8 H z ) ———
6 Bis(2-bromo-3-pyridyl) diselenide 148.50 127.53 124.39 138.26 148.28K. K. Bhasin et al. 5
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Figure 1: (a) [1H−1H] COSY (HOMCOR-2D) spectrum of bis(2-chloro-3-pyridyl) diselenide, (b) [1H−13C] COSY (HETCOR-2D) spec-
trum of bis(2-chloro-3-pyridyl) diselenide.
Table 4: 77Se/125Te NMR data of various 2-halo-3-pyridyl chalco-
gen compounds.
Entry Compound
77Se/125Te
(δ, ppm)
1 Bis(2-chloro-3-pyridyl) diselenide 387.1
2 Bis(2-ﬂuoro-3-pyridyl) diselenide 370.3
3 Bis(2-bromo-3-pyridyl) diselenide 407.1
4 Bis(2-chloro-3-pyridyl) ditelluride 7.5
5 Bis(2-ﬂuoro-3-pyridyl) ditelluride 419.8
fall in the regions 7.88–7.91ppm and 7.15–7.19ppm, respec-
tively. The order of chemical shift values of pyridyl protons
followstheorderH-6>H-4>H-5.Tosubstantiatethesepre-
dictions further, [1H−1H] COSY studies were performed on
the newly synthesized compounds.
7. [1H–1H] COSY (HOMCOR-2D) AND [1H–13C] COSY
(HETCOR-2D) STUDIES
2D correlation spectroscopy helps in the assignment of pro-
tonsandcarbonsignalsinNMRspectrum,besidesproviding
vital information about proton-proton and proton-carbon
connectivities. The oﬀ-diagonal contours (cross-peaks) al-
low the identiﬁcation of proton signals and help in interpret-
ing 13CN M Rs p e c t r u m .[ 1H−1H] COSY spectrum clearly
shows a correlation of H-5 proton with H-4 and H-6 due
to its ortho-position with respect to both. [1H−13C] COSY
(HETCOR) correlates the peaks of a proton spectrum with
the peaks of 13Cs p e c t r u m( Figure 1).
13C peaks have unequivocally been sorted out with the
helpofoﬀ-diagonalcross-peakscorrespondingto 1JC−H cou-
pling interactions. Accordingly, the assignments lie in the or-
der of chemical shift as under C-2 > C-6 > C-4 > C-3 > C-
5.
8. 13C NMR STUDIES
As evident from the 13C NMR studies of 2-halopyridines,
the carbon-13 signals resonate downﬁeld with the increas-
ing electronegativity (F > Cl > Br) of halogen atom. Carbon
atom directly bonded to the halogen experiences maximum
deshielding due to −Ie ﬀect of halogen. However, the induc-
tive eﬀect decreases from ﬂuorine to bromine resonance ef-
fect (+R) increases; the carbon atom at para position with
respect to halogen (C-5) shows the reverse trend in observed
chemical shift values.
It appears that in the newly synthesized bis(2-halo-3-
pyridyl) dichalcogenides, due to the opposing nature of
inductive and resonance eﬀect of chalcogen and halogen
atoms, no such generalizations can be made. The interpre-
tations of [1H−1H] and [1H−13C] COSY (Figure 1) studies
and 13C NMR data reveal that in diselenides, C-2 carbon res-
onates most downﬁeld relative to TMS.
9. 77Se NMR STUDIES
77Se NMR of bis(2-halo-3-pyridyl) diselenides (X = F, Cl,
Br) were recorded in CDCl3 employing Me2Se as external6 Bioinorganic Chemistry and Applications
Table 5: Mass spectral data of bis(2-chloro-3-pyridyl) diselenide/ditelluride.
Entry Compound Stands for Mass/electron Relative intensity Assignment
1 Bis(2-chloro-3-pyridyl)
diselenide
385 47.1 [M]+
304 4.6 [(ClPy)2
80Se]+
192 100 [ClPy80Se]+
157 10.6 [Py80Se]+
77 3.7 [PyH]+
2 Bis(2-chloro-3-pyridyl)
ditelluride
485 23.4 [M]+
355 11.6 [(ClPy)2
130Te]+
242 42.5 [ClPy130Te]+
207 3.5 [Py130Te]+
77 100 [PyH]+
reference (δ, 0ppm). It is curious to note that with the in-
crease in the electronegativity of halogen at C-2 position, an
upﬁeld shift is observed. It is also worthwhile to mention
that all these compounds exhibit 77Se resonance at higher
frequency relative to bis(2-pyridyl) diselenide. An answer
may lie in the existing intermolecular short contacts operat-
ing in the molecule as evident from the solid-state structural
studies.
10. 125Te NMR STUDIES
Chemical shifts are cited with respect to neat Me2Te (δ =
0ppm) as external reference.
11. 19F NMR STUDIES
The proton-noise decoupled 19F NMR spectra of the ﬂu-
orinated derivatives were recorded in deuterated chloro-
form, CDCl3, using trichloroﬂouromethane, CFCl3 (freon-
11) as the external reference. The 19F signals for both com-
pounds, bis(2-ﬂuoro-3-pyridyl) diselenide and bis(2-ﬂuoro-
3-pyridyl) ditelluride, were observed as well-deﬁned signals
at −50.62 and −59.3ppm.
12. MASS SPECTROMETRY
The isotopic richness of natural selenium and tellurium
helps in the identiﬁcation of selenium and tellurium con-
taining fragments in the mass spectra of organoselenium
and organotellurium compounds. A number of character-
istic ions found in the mass spectra have been tabulated in
Table 5.
13. IR STUDIES
This technique has been used for the general characteriza-
tion of the newly prepared pyridyl selenium and tellurium
compounds.IRspectraofthesecompoundswererecordedin
Cl1C
C1C
N1C C5C
C4C
C2C C3C
Se1C
Se2C
C7C
C8C
C6C
C9C
Cl2C
N2C
C10C
Figure 2: A perspective view of the structure of bis(2-chloro-3-
pyridyl) diselenide.
the range 4000–400cm−1 in compressed transparent pellets
made from powdered compounds and dry KBr. IR spectra
of various compounds synthesized have been summarized in
Table 6.
14. MOLECULAR GEOMETRY AND CRYSTAL
STRUCTURE OF BIS(2-CHLORO-3-PYRIDYL)
DISELENIDE
To understand the structural details, single crystal X-ray
diﬀraction analysis of bis(2-chloro-3-pyridyl) diselenide was
carried out. A perspective view of the structure of this com-
pound is shown in Figure 2. The selected bond parameters
arelistedinTables 7 and8.Themoleculecrystallizesinmon-
oclinic, P21/c space group:
a = 11.390(2) ˚ A, b = 27.851(5) ˚ A, c = 11.849(2) ˚ A,
α = 90◦, β = 112.984(3)◦, γ = 90◦.
(1)K. K. Bhasin et al. 7
Table 6: Infrared spectral data of various 2-halo-3-pyridyl chalcogen compounds.
Entry Compound KBr (cm−1)
1 Bis(2-chloro-3-pyridyl)
disulﬁde
3097.6, 3045.5, 2924.8, 1736.9,
1555.2, 1431.6, 1260.0, 1212.1,
1143.2, 1059.4, 796.0, 750.8,
723.2, 655.9, 517.9, 438.1, 474.0
2 Bis(2-chloro-3-pyridyl)
diselenide
3031.8, 1957.3, 1735.1, 1596.8,
1553.8, 1428.3, 1255.9, 1208.3,
1124.1,1055.7, 793.8, 743.3,
721.3, 642.1, 510.2, 441.4
3 Bis(2-chloro-3-pyridyl)
ditelluride
3018.7, 1608.0, 1547.5, 1424.4,
1368.4, 1250.5, 1203.0, 1007.3,
791.8, 725.1, 720.9, 634.8, 502.4
4 Bis(2-ﬂuoro-3-pyridyl)
diselenide
3036.7, 1946.8, 1720.5, 1576.7,
1555.0, 1411.9, 1290.1, 1226.6,
1126.8, 1063.4, 1025.8, 834.1,
792.0, 731.8, 653.9, 564.1
5 Bis(2-ﬂuoro-3-pyridyl)
ditelluride
2924.8, 2853.3, 1574.3, 1555.7,
1415.6, 1245.8, 1066.0, 1018.4,
788.1, 646.3, 566.2
6 Bis(2-bromo-3-pyridyl)
diselenide
3018.6, 2925.9, 2853.9, 1736.4,
1552.4, 1599.0, 1467.9, 1426.3,
1377.1, 1214.8, 1052.3, 762.0,
668.8, 627.5, 497.2
Table 7: Important bond lengths [˚ A] and angles [◦]f o rbis(2-chloro-3-pyridyl) diselenide.
Se(1A)−C(2A) 1.926(8) Se(1C)−Se(2C) 2.3003(13)
Se(1A)−Se(2A) 2.2973(13) Se(2C)−C(7C) 1.898(9)
Se(2A)−C(7A) 1.912(9) Cl(1A)−C(1A) 1.734(8)
C(2A)−Se(1A)−Se(2A) 102.0(2) C(5A)−N(1A)−C(1A) 116.2(8)
C(7A)−Se(2A)−Se(1A) 102.3(2) C(1B)−N(1B)−C(5B) 116.7(8)
C(2B)−Se(1B)−Se(2B) 101.8(2) C(6B)−N(2B)−C(10B) 115.8(9)
Table 8: Important torsion angles [◦]o fbis(2-chloro-3-pyridyl) diselenide.
C(2A)−Se(1A)−Se(2A)−C(7A) 83.1(3) Se(1B)−C(2B)−C(3B)−C(4B) 176.6(6)
C(2B)−Se(1B)−Se(2B)−C(7B) −82.7(3) N(2B)−C(6B)−C(7B)−Se(2B) −178.1(7)
C(2C)−Se(1C)−Se(2C)−C(7C) −84.6(4) Cl(2B)−C(6B)−C(7B)−Se(2B) 1.4(9)
Se(1A)−C(2A)−C(3A)−C(4A) −177.3(6) Se(1C)−C(2C)−C(3C)−C(4C) 176.7(7)
N(1A)−C(1A)−C(2A)−Se(1A) 178.0(6) N(1C)−C(1C)−C(2C)−Se(1C) −176.8(7)
Table 9: Important bond lengths [˚ A] and angles [˚] for bis(2-chloro-3-pyridyl) ditelluride.
Te−C(2) 2.124(2) N−C(5) 1.339(4)
Te−Te#1 2.6771(4) C(1)−C(2) 1.396(3)
Cl−C(1) 1.754(3) C(2)−C(3) 1.387(3)
N−C(1) 1.313(3) C(3)−C(4) 1.385(3)
C(2)−Te−Te#1 99.33(6) N−C(1)−Cl 115.62(17)
C(1)−N−C(5) 116.3(2) C(2)−C(1)−Cl 118.0(2)
N−C(1)−C(2) 126.4(2) C(3)−C(2)−Te 124.50(17)8 Bioinorganic Chemistry and Applications
Table 10: Important torsion angles [˚] of bis(2-chloro-3-pyridyl) ditelluride.
C(5)−N−C(1)−C(2) −0.3(4) Te#1−Te−C(2)−C(1) −168.01(17)
C(5)−N−C(1)−Cl 180.00(18) Te#1−Te−C(2)−C(3) 16.7(2)
N−C(1)−C(2)−Te −174.83(19) Te−C(2)−C(3)−C(4) 174.54(17)
Cl−C(1)−C(2)−Te 4.8(3) — —
Cl
C1
N
C5
C4
C2 C3
Te Te
C2
C3
C1
C4
Cl
N
C5
Figure 3: A perspective view of the structure of bis(2-chloro-3-
pyridyl) ditelluride.
15. MOLECULAR STRUCTURE OF BIS(2-CHLORO-3-
PYRIDYL) DITELLURIDE
Beautiful and bright orange colored, diamond-shaped single
crystals of bis(2-chloro-3-pyridyl) ditelluride were obtained
byaslowevaporationofdichloromethaneandhexane(1 : 2).
X-ray single crystal analysis of a selected specimen was done
on Bruker Smart CCD diﬀractometer.
The compound crystallizes into monoclinic, C2/cs p a c e
group:
a = 11.6112(14) ˚ A, b = 9.7812(12) ˚ A,
c = 12.0760(14) ˚ A,
α = 90
◦, β = 113.717(2)
◦, γ = 90
◦.
(2)
The ORTEP diagram of the compound is given in Figure 3
and important bond parameters are given in Tables 9 and 10.
ACKNOWLEDGMENTS
The ﬁrst author is thankful to Department of Science and
Technology (DST) and Council of Scientiﬁc and Indus-
trial Research (CSIR) for ﬁnancial assistance vide Sanctions
no. SR/SI/IC-02/2003 and no. 01(1865)/03/EMRII, respec-
tively. The third author is thankful to University Grants
Commission (UGC) for Teacher Fellowship. The authors
are also thankful to Professor P. Mathur, Indian Institute
of Technology, Mumbai (India) for providing X-ray facili-
ties.
REFERENCES
[1] T. Wirth, Ed., Organoselenium Chemistry, Modern Develop-
mentinOrganicSynthesis,Springer,NewYork,NY,USA,2000.
[2] K.J .Irgolic,OrganotelluriumCompoundsHouben-Weyl,Meth-
odsofOrganicChemistry,George Thieme, Stuttgart, Germany,
1990.
[3] H. B. Singh and N. Sudha, “Organotellurium precursors for
metal organic chemical vapour deposition (MOCVD) of mer-
cury cadmium telluride (MCT),” Polyhedron, vol. 15, no. 5-6,
pp. 745–763, 1996.
[4] G. Siato and S. Kagoshima, Eds., The Physics and Chemistry of
Organic Superconductors, Springer, Berlin, Germany, 1990.
[5] S. Somasundaram, C. R. Chenthamarakshan, N. R. De Tac-
coni, Y. Ming, and K. Rajeshwar, “Photoassisted deposition of
chalcogenide semiconductors on the titanium dioxide surface:
mechanisticandotheraspects,”ChemistryofMaterials,vol.16,
no. 20, pp. 3846–3852, 2004.
[ 6 ] D .L .H a t ﬁ e l d ,E d . ,Selenium: Its Molecular Biology and Role in
Human Health, Kluwer Academic, Boston, Mass, USA, 2001.
[7] S. Patai and Z. Rappoport, Eds., The Chemistry of Organic Se-
lenium and Tellurium Compounds, Vol. 1,J o h nW i l e y&S o n s ,
New York, NY, USA, 1986.
[8] G. Mugesh, W.-W. Du Mont, and H. Sies, “Chemistry of bi-
ologically important synthetic organoselenium compounds,”
Chemical Reviews, vol. 101, no. 7, pp. 2125–2180, 2001.
[9] A. Toshimitsu, G. Hayashi, K. Terao, and S. Uemura, “The
pyridylseleno group in organic synthesis—part 5. Amidose-
leniation of alkenes,” Journal of the Chemical Society, Perkin
Transactions1, pp. 2113–2117, 1988.
[10] P.-M. Windscheif and F. V¨ ogtle, “Substituted dipyridylethenes
and -ethynes and key pyridine building blocks,” Synthesis,
vol. 1994, no. 1, pp. 87–92, 1994.
[ 1 1 ]K .S e t o ,H .S h i m o j i t o s y o ,H .I m a z a k i ,H .M a t s u b a r a ,a n dS .
Takahashi, “Synthesis of a new family of chiral smectic liq-
uidcrystalsbearingapyridineheterocycles,”ChemistryLetters,
vol. 19, no. 2, pp. 323–326, 1990.
[12] H. G. Mautner, S. H. Chu, and C. M. Lee, “Studies of 2-
selenopyridine and related compounds,” Journal of Organic
Chemistry, vol. 27, pp. 3671–3673, 1962.
[13] A.Toshimitsu,H.Owada,K.Terao,S.Uemura,andM.Okano,
“Pyridylseleno group in organic synthesis. Preparation and
oxidation of α-(2-pyridylseleno)carbonyl compounds leading
to α,β-unsaturated ketones and aldehydes,” Journal of Organic
Chemistry, vol. 49, no. 20, pp. 3796–3800, 1984.
[14] A. Toshimitsu, H. Owada, S. Uemura, and M. Okano, “An im-
proved method for oleﬁn synthesis using pyridylseleno group
as a leaving group,” Tetrahedron Letters, vol. 21, no. 52, pp.
5037–5038, 1980.
[15] K. K. Bhasin, V. K. Jain, H. Kumar, S. Sharma, S. K. Mehta,
andJ.Singh,“Preparationandcharacterizationofmethylsub-
stituted 2,2
 -dipyridyl diselenides, 2,2
 -dipyridyl ditellurides,
and their derivatives,” Synthetic Communications, vol. 33,
no. 6, pp. 977–988, 2003.K. K. Bhasin et al. 9
[16] L. Syper and J. Mlochowski, “Lithium diselenide in aprotic
medium—a convenient reagent for synthesis of organic dis-
elenides,” Tetrahedron, vol. 44, no. 19, pp. 6119–6130, 1988.
[17] K. K. Bhasin and J. Singh, “A novel and convenient synthesis
towards 2-pyridylselenium compounds: X-ray crystal struc-
ture of 4,4
 -dimethyl-2,2
 -dipyridyl diselenide and tris(2-
pyridylseleno)methane,” Journal of Organometallic Chemistry,
vol. 658, no. 1-2, pp. 71–76, 2002.
[18] L. Engman and M. P. Cava, “Organotellurlum compounds. 6.
Synthesis and reactions of some heterocyclic lithium telluro-
lates,” Organometallics, vol. 1, no. 3, pp. 470–473, 1982.
[19] K. K. Bhasin, P. Venugopalan, and J. Singh, “Preparation
and characterization of methyl substituted 2,2
 -dipyridyl dis-
elenides and -ditellurides: X-ray structure of 6,6
 -dimethyl-
2,2
 -dipyridyl diselenide,” Phosphorus, Sulfur and Silicon and
the Related Elements, vol. 177, no. 11, pp. 2579–2587, 2002.
[20] G. Mugesh and H. B. Singh, “Heteroatom-directed aromatic
lithiation:aversatileroutetothesynthesisoforganochalcogen
(Se, Te) compounds,” Accounts of Chemical Research, vol. 35,
no. 4, pp. 226–236, 2002.
[21] F. Marsais and G. Queguiner, “Review on the metallation of
π -deﬁcient heteroaromatic compounds: regioselective ortho-
lithiationof3-ﬂuoropyridine:directingeﬀectsandapplication
to synthesis of 2,3- or 3,4-disubstituted pyridines,” Tetrahe-
dron, vol. 39, no. 12, pp. 2009–2021, 1983.